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NOMENCLATURE 
d inside diameter of discharge pipe, ft. 
D inside diameter of tank, ft. 
g acceleration due to gravity, ft. /sec, 
h height of water in tank when vortex reaches pump suction, ft. 
h height of formation, ft. 
h initial water height, ft. 
o ° ' 
L length, ft. 
M mass, lb. mass 
P pump suction pressure at h , psia 
P pump suction pressure at h , psia 
Qp volumetric flow rate through copper tubing, GPM 
Q^ reduced volumetric tank discharge rate when vortex reaches pump, 
GPM 
QL^ reduced volumetric tank discharge rate when liquid level is one 
foot, GPM 
Qrp volumetric flow rate from tank, GPM 
o 
q volumetric flow rate from tank, ft. /sec. 
P P 
T torque, lb. mass, ft. /sec. 
TL water temperature, F 
t time, sec, 
\i water v i s c o s i t y , l b . , m a s s / f t . - s e c 0 
o 
p water density, lb. mass/ft. 
9 time, sec. 
viii 
ABBREVIATIONS 
n.Vo no vortex formed 
n.c. vortex did not reach pump 
n.a. flow not affected by vortex 
SUMMARY 
Vortex formation in incompressible fluid media has received 
renewed interest in the past few years. The possibility of vortices 
affecting tank discharge coefficients and pump performance has become 
a problem of great concern where high rates of flow are required. It 
seemed profitable, therefore, to investigate a number of the factors 
affecting vortex formation and to determine if preventative measures 
could be taken to minimize the resulting difficulties. 
The apparatus used in this investigation consisted of a plastic 
cylindrical tank nine feet high and one foot in diameter connected to 
a rotary pump by glass piping. Consideration of the physical situa-
tion and a dimensional analysis indicated that the height of vortex 
formation to the tank diameter ratio was a function of seven dimension-
less groupso It was found that only two of these seven groups were 
significant in this investigation, the result being 
m 
This relation is represented by a series of graphs of (—) vs. 
hf h ^ 
(—) using (=p) as a parameter. 
Once initiated, vortices developed rapidly and reduced pump 
performance at high flow rates. The effect on discharge rates is 
shown graphically. 
Circular baffles were effectively employed to eliminate vortex 
formation in the tank with a flat bottom. 
CHAPTER I 
INTRODUCTION 
The purpose of this study was to investigate vortex formation 
in an incompressible fluid in a cylindrical tank. 
Most of the theoretical work done on this subject has been con-
ducted in the fields of compressible media. Aerodynamists have studied 
vortices during the high speed flow of air across airfoils to improve 
the aerodynamic cleanliness and stability of supersonic aircraft. 
Meteorologists have been concerned with vortex formation in the atmos-
phere to better understand and predict tornadoes, hurricanes, and ty-
phoons in attempts to minimize their yearly destruction. Coriolis force 
is a contributing factor in these vortex formations. 
Recently, renewed interest has developed in the possibility of 
vortex formation in liquids draining from tanks. Missile designers are 
concerned with the possibility of vortices effecting liquid discharge 
rates from tanks feeding high consumption rocket engines. However, at 
the present time, little is known about vortex occurrence and elimina-
tion of the resulting difficulties. Therefore, the present study of 
vortex formation in cylindrical tanks was undertaken. 
An examination of the literature revealed that most of the inves-
tigations in this field were undertaken during the past 10 years. 
Studies of free vortex flow through orifices were conducted in 19̂ -9 a"t 
the University of Iowa by Posey and Hsu . Tests were made on a 4 inch 
sharp-edged circular orifice in the center of the bottom of a 6 foot 
2 
diameter tank. Tangential flow was directed into the tank through 
four 1-inch pipes equally spaced around the circumference_, and radial 
flow was guided in through a false bottom directly below these jets. 
A constant head of I.63 feet was maintained with the variables being 
the tangential and radial approach velocities. The orifice coefficient 
of discharge was expressed as a function of the ratio of these veloci-
ties. The reduction in discharge due to the vortex varied from 5 "to 75 
per cent. 
2 
In 1951j Li conducted studies of a single vortex in a real fluid 
at the University of California. Tests were conducted in a set of ro-
tating glass cylinders. The outer cylinder was 2 feet high, had an in-
side diameter of 11 inches, and was connected by wooden strips to an 
inside cylinder having an outside diameter of 9 inches. Water was intro-
duced in the annular space between the tanks and given a tangential 
velocity component by the wooden connectors. A constant head was main-
tained in the tank with the speed of rotation and the rate of discharge 
being varied. The shape of the water surface was recorded photograph-
ically and tangential velocities were computed from the measured sur-
face slopes. With these data, constants for the Navier-Stokes equations 
of motion were determined for a single vortex in a real fluid and an 
ideal fluid. By comparing his theoretical and experimental results, Li 
was able to recognize the importance of viscosity in vortex flow. 
In 1956, Stevens and Kolf conducted a series of experiments at 
the University of Wisconsin on vortex flow through horizontal orifices. 
The studies consisted of tests made in two different tanks and the 
effect of vortices on discharge rates. Initial tests were made in a 12 
3 
foot diameter tank 2 feet high with an orifice plate in the center of 
the tank "bottom. Vortex profile measurements were made with a moving 
point gage mounted on an Aluminum I beam. Water was introduced tan-
gentially through a series of guide vanes concentric with the orifice 
opening. With the aid of these vanes the water could "be directed toward 
the orifice opening with any desired approach angle. A second series 
of tests were conducted in a 6 foot diameter tank 3 feet high in order 
to extend the data with respect to head and "boundary proximity. Kolf 
determined that vortex formation reduced the flow through the orifice 
from 13 to 73 per cent "below the discharge with no vortex present. 
Stevens had made use of the reduced flow encountered in vortex flow 
through orifices to control the flow diverted into interceptors from 
combined sewers and applied his laboratory findings to a successful 
full scale project in Portland, Oregon. An interesting aspect to this 
work was the fact that no vortices of any significance were observed in 
either tank when the water was allowed to drain naturally with no tan-
gential velocity. Those that did form were small in size, had no effect 
on the discharge rates, and were quickly dissipated. 
Laboratory investigations were conducted by Kelson in 1956 a"t 
the University of Minnesota, Using a simple vertical inlet pipe, ob-
servations were made on the effect of surface tension on vortex forma-
tion. By the addition of a detergent the surface tension of the water 
was reduced and Nelson observed vortices formed more readily in liquids 
with decreased surface tension. 
5 
In 1957; Piesset , at the California Institute of Technology, 
was awarded a contract by Gonvair, A Division of General Dynamics 
k 
Corporation, to study vortex formation in rotating liquids. However, 
to date no publication on his findings has "been made. 
All previous work on vortex formation in liquids has been con-
ducted with the liquids flowing freely from tanks by gravity; there-
fore, a program was proposed to conduct investigations on the subject 
while water was being pumped from a tank at different rates. Due to 
the complexity of the problem and the fact that a study of this type 
must be limited to investigation of individual factors, this study was 
conducted with the following questions in mindi what conditions are 
most conducive to vortex formation, what will be their effect on dis-
charge rates, and can preventative measures be taken to reduce or 
minimize these effects? The following sections are devoted to a dis-
cussion of how these studies were performed and the results obtained 
from them. 
CHAPTER II 
EQUIPMENT AND INSTRUMENTATION 
The apparatus used in this experiment consisted of the follow-
ing components: a vertically mounted plastic tank; a rotary pump; 
five sections of glass piping connecting the discharge of the plastic 
tank with the pump suction port; sufficient metering devices to per-
mit measurement of the tank discharge rate, and a method of imparting 
a tangential velocity to the water in the plastic tank in order to 
vary the intensity of the vortices formed. 
A photograph of the equipment is shown in Fig. 1 and a sche-
matic diagram is shown in Fig. 2. The following paragraphs contain a 
more detailed description of the individual components of the apparatus. 
The vertical tank was constructed of two sections of plastic 
tubing 52 inches long with an outside diameter of 12 inches and a wall 
thickness of l/k inch. The two sections were fastened together with 
flanges made of l/2 inch boiler plate and 3/8 inch tie-rods. Gaskets 
of l/l6 inch rubber were placed between all connecting surfaces to 
eliminate leaks. The connected sections were mounted in an angle iron 
frame and supported to allow installation and removal of the tank bot-
tom. The tank was fitted with "bottoms of various shapes. Bottom I was 
a flat circular plate ik inches in diameter. A 1-1/2 inch pipe coupling 
was brazed to the geometric center of the plate. Bottom II was a cone 
made of sheet metal and brazed to a metal flange 1^ inches in diameter. 
The cone was H-l/2 inches in diameter at the top and l-l/2 inches in 
Figure 1. Experimental Apparatus 
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Figure 2. Schematic Diagram of Experimental Apparatus 
-~j 
8 
diameter at the bottom with a slant height of 9 inches. A l-l/2 inch 
pipe nipple was brazed to the bottom opening. Bottom III was a flanged 
and dished head purchased from a local boiler shop made of 3/16 inch 
steel with an outside diameter of 12 inches. The total depth of the 
head was 3 inches and the flanged section had a depth of l-l/2 inches. 
A 1-1/2 inch nipple was brazed to the bottom opening. Bottom IV was 
the same flat plate described as Bottom I with a nine inch baffle. The 
baffle was a flat circular plate 9 inches in diameter, l/8 inch thick 
and positioned 1 inch above the geometric center of the flat plate. 
Bottom V was the same as Bottom IV with the exception that the baffle 
was 3 inches in diameter instead of 9 inches. 
The pump used was a Viking positive displacement rotary pump 
with a capacity of 90 GPM against a pressure of 35 psi. Since the pump 
had a positive displacement, a by-pass line with a throttle valve was 
installed connecting the suction and discharge lines of the pump in order 
to vary the discharge rate from the plastic tank. A suction gage cali-
brated in inches of mercury vacuum was installed on the suction side of 
the pump and a pressure gage calibrated in pounds per square inch was 
installed on the discharge side of the pump. 
The line connecting the plastic tank discharge with the pump 
suction port was made of l-l/2 double-tough pyrex glass pipe. The pyrex 
pipe was connected to the tank bottom by a k inch section of 1-1/2 inch 
rubber hose to minimize the possibility of glass breakage through pump 
vibration or installation strain. The rubber hose was rigid enough to 
insure no flow disturbance in that section. 
The pump discharge lines consisted of two parallel 2 inch lines 
with orifice plates installed h-0 pipe diameters downstream from the 
9 
n e a r e s t flow d i s t u r b a n c e . One o r i f i c e had a diameter of O.718 inches 
and was used to meter flow from 10 through 30 GPM. The second o r i f i c e 
p l a t e had a diameter of 1.20 inches and was used to meter flows from 
kO through 90 GEM. The t aps from the two o r i f i c e p l a t e s were connected 
"by copper tub ing and va lves t o a common U-type mercury manometer. 
A mercury thermometer was placed in the discharge line to deter-
mine the water temperature. 
Water was supplied tangentially to the side of the plastic tank 
through a section of 3/8 inch copper tubing, which was shaped to con-
form to the inside perimeter of the tank. Water was supplied to the 
copper tubing by a l/2 inch line from the main water supply system. 
The flow to the copper tubing was metered with a rotameter having a 
maximum capacity of l6 G-FM and calibrated in per cent of maximum flow. 
The l/2 inch pipe entered the tank through the top and a union was in-
stalled at this point in order to suspend the copper tubing at different 
heights in the tank. 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
The first phase of the experimental program consisted of cali-
brating the orifice meters and checking the calibration of the rota-
meter. This was accomplished by setting the various flow rates and 
measuring the time to collect a specified weight of water. The water 
temperature was measured and calibration charts were constructed for 
the two orifice meters. The previous rotameter calibration proved 
satisfactory. 
The next phase of the experimental program was the performance 
of the test runs. Runs were made at tank liquid levels of 7 feet 8 
inches, 5 feet 9 inches, and 3 feet 10 inches. Since the inside 
diameter of the tank was 11-1/2 inches, these heights corresponded to 
height to diameter ratios of 8, 6, and if to 1. At a given height 
measurements were made at eight different tank discharge rates vary-
ing from 20 to 9° GPM at 10 GPM increments. At each discharge rate, 
water was introduced tangentially through the copper tubing at a 
number of different rates (usually six) varying from 1.6 to 8.0 GPM. 
The above described runs were made with bottoms I, II, III, 
and IV. Runs with bottom V were made at a height to diameter ratio 
of k to 1 only. 
The operating procedure was essentially the same for all the 
test runs. For a typical test run with a given bottom shape, the copper 
tubing was installed 3 inches below the desired tank liquid level, the 
11 
tank discharge rate set at 20 GPM, and the tank filled through a sup-
ply line to a height 1 inch "below the copper tubing. A water rate was 
set on the rotameter supplying the copper tubing and the tank allowed 
to fill to the starting height while a tangential velocity component 
was introduced to the water in the tank. When the desired liquid level 
was reached, the supply to the copper tubing was shut off, the pump 
started, and the following measurements made and recorded: the height 
at which the vortex formed, as indicated by the appearance of a thin 
line of air bubbles extending downward from the liquid surface to the 
tank bottom, the pump suction pressure at the time of the vortex for-
mation, the height of the tank liquid when the vortex reached the pump 
suction port, the pump suction pressure at the time the vortex reached 
the pump, the reduced tank discharge rate caused by the vortex reaching 
the pump, and the water temperature. In addition, if the vortex reached 
the pump at a water height greater than 1 foot, the reduced flow was 
measured and recorded when the tank level reached 1 foot. These measure-
ments were made at different values of Q from 1.6 to 8.0 GPM. The dis-
charge rate was then increased to the next value and a new group of 
data obtained. This procedure was repeated until the entire range of 
discharge rates had been covered. The copper tubing was then adjusted 
to a new height and the above procedure repated until groups of data 
had been obtained for all these starting heights. The bottom was then 
removed from the tank, a different one installed, and the above pro-
cedure repeated. 
The total tank height was increased 8 inches by the conical 
bottom and 3 inches for the dished bottom over the height with the flat 
12 
bottom installed. However, these increases were not included in making 
tank height measurements and all such measurements presented in the data 
are "based on a common datum plane, i.e., the "bottom of the tank plastic. 
The complete experimental data obtained are presented in Tables 
1, 2, and 3-
CHAPTER IV 
DIMENSIONAL ANALYSIS 
Consideration of the physical situation concerning the height 
of vortex formation in a cylindrical tank indicates the following 
factors are involved: the tank diameter, the discharge pipe diameter, 
the liquid viscosity, the liquid density, the initial water height, 
the tank discharge rate, the torque applied, which in this case is equal 
to the momentum of the liquid leaving the copper tubing times the tank 
radius, and the length of time the torque was applied. Therefore, 
h f = ^ (D, d, n, p, h Q, g, q, P, T, t) (l) 
Using the ML8 system, it was determined "by trial and error that 
the largest number of these variables which could be combined without 
forming a dimensionless group was three. Therefore, by the ir theorem, 
since there are eleven variables, there are eleven minus three or eight 
dimensionless groups. Since D, u, and p do not form a dimensionless 
group, the eight dimensionless groups can be formulated as 
h f 
^l = Ial~bl cl ^ 
D u o 
7T^ = 2 ^a2 b2 c2 
D u p 
(3) 
h 
T ~ — o — d ? — 7 W 
o ^a3 b3 c3 
~> D ^ u ~* p 
Ik 
D |_L p 
T5 = ^ ^ c5
 ( 6 ) 
x D x p. y p 
q 
T6 " a6 b^ 'c6
 (7) 
D u p 
' 7 = ^ h P=T (8) 
^ = „ag ' bS ' c'8
 (9) 
D u p 
Solving for the primary quantities, M; L, and Q, in terms of the 
variables, D_, u, and p, the following expressions are obtained 
L = D (10) 
M = L3p = D3p (ll) 
9 = f- - 2ffi (12) 
Lu u 
Replacing the primary quantities in the above formulated groups, 
the following dimensionless groups are obtained. 
h 
\ - r (13) 
-2 -1 w 
TT3 . Ja ( i 5 ) 
IT 
r= 










H - S (18) 
T7 = ^ 5 (19) 
^A - ^2 (20> 
pD 
Eq. 1 can now be written as, 
^ = *2 £ > (§) (&££) (BE) ( ^ _ £ ! ) ( T e _ ) ( ^ ( 2 1 ) 
p p Dp pD 
For purposes of this investigation, the following changes were 
made. Squaring iro and multiplying by IT resulted in a quantity that, 
in this particular study, was constant. Therefore, one of these two 
groups can he discarded and Eq. 21 "becomes, 
^ = • (f) (§) (fi-eiit) m ( ^ / ) ( ^ ) (22) 
p. p Dp 
The last two terms of the above equation can be combined to form 
a group that depends both on torque and flow rate. Performing this 
manipulation, Eq. 22 becomes 
16 
h. m * (̂ O) (*) (S P
2 D3) (? P D2) (2lt) (*_) (23) 
The above equation will "be used to correlate the data obtained 
in this investigation. 
CHAPTER V 
DISCUSSION OF EESULTS 
The data and calculated results are presented in Tables 1, 2, 
and 3 and in Figs. 8 through 17. Figs. 3 through 7 present a photo-
graphic study of vortex formation and growth. 
The data obtained in the investigation were reproducible within 
the experimental error. The experimental error incurred in making 
height measurements was approximately 1 inch on runs with discharge 
rates of 20 to 50 GEM and 2 inches on runs with rates of 60 to 90 GPM. 
The percentage of error in height measurements is naturally dependent 
upon the magnitude of the measurement being made and the readings taken 
at low heights are highly sensitive to small errors. The accuracy on 
the pump suction pressure reading is approximately one pound per square 
inch. The uncertainty in these measurements is caused by the vibration 
the pump transmitted to the pressure gage. 
One of the most interesting aspects of this study was the visual 
observation of the vortices formed; therefore, a portion of this sec-
tion will be devoted to a description of these visual observations. 
Vortices form in the following sequence. A slight depression 
develops in the liquid surface, as the rotating liquid moves downward 
in the tank. This is followed by the formation of a thin stream of 
entrained air bubbles directly beneath the liquid surface which moves 
toward the tank bottom. A vortex at this stage of development is shown 
in Fig. 4. The stream of air bubbles is immediately followed by an 
18 
Figure 3- Tank Discharging -with no Vortex 
19 
Figure 4. A Vortex in an Early Stage of Development 
20 
Figure 5« A Vortex in an Intermediate Stage of Development 
21 
Figure 6. A Fully Developed Vortex 
Figure J, Effect of Vortex on Pump Suction Conditions ro ro 
-
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inverted cone of air, which develops in the liquid surface and moves 
downward into the liquid in the tank. This stage is presented in Fig. 
5. The cone of air continues downward to the tank bottom and into the 
pump suction line. The vortex is now fully developed and is presented 
in Fig. 6. The vortex enters the pump suction line and finally reaches 
the pump suction port. The flow in the pump suction line is two-phase 
fluid flow and varies from annular flow, in which the air stream causes 
the liquid to assume an annular flow channel against the pipe wall, to 
slug flow, in which slugs of liquid move through the pipe with the air 
stream controlling. The effect of a vortex on pump suction conditions 
is shown in Fig. J. 
The rapidity at which these vortices develop is directly pro-
portional to the tank discharge rate, i.e., the higher the rate the 
more rapid the growth. 
The data in Table 1 were correlated by a series of graphs using 
the relations derived in Chapter IV. The pressure in the discharge 
line was experimentally determined to be a function of the height of 
liquid in the tank only and did not depend upon the presence of a vor-
tex, the rate of liquid rotation, or the rate of discharge. Therefore, 
2 
the dimensionless group (—^—) was not a variable in this study. The 
P-
acceleration due to gravity was constant and the water density varied 
only 0.1 per cent. The water viscosity varied 10 per cent during all 
runs but only varied 2 per cent during runs made at any one height and 
2 3 
bottom shape. Thus, the quantity i n ) w a s practically constant. 
P n 
By graphical analysis, the dimensionless group (-̂ ) was eliminated from 
•9 rn T\ 
Eq. 23. This was accomplished by plotting (—) versus (—) using (-̂-) 
2h 
as a parameter. All curves obtained from this operation were identical 
with minor variations. These variations were well within the experi-
mental error; consequently, this parameter was not a variable. Since 
the tank discharge pipe diameter was held constant Eq. 23 becomes, 
The above equation is considered valid but is only significant 
for the range of flow rates covered in a tank of the same dimensions 
as the one used in the performance of this experiment. The graphical 
representation of Eq_. 2k is presented in Figs. 8 through l6. With the 
aid of these graphs it is possible to determine the effect on vortex 
formation of each of the variables considered in this investigation. 
Effect of Torque.--Approximately 100 runs were made with the 
tank under quiescent conditions, i.e., with no torque applied to the 
tank liquid. No vortex was observed in any of these runs. The re-
maining runs were made with torque applied and the height of vortex 
formation was found to be directly proportional to the torque, i.e., 
the height of formation increased as the torque increased, everything 
else being constant. 
Effect of Tank Discharge Rate.--The height of vortex formation 
decreased as the discharge rate increased, everything else being con-
stant. However, vortices developed more rapidly and had a more pro-
nounced effect on reducing the discharge rate at higher flow rates0 
Therefore, vortex formation poses a grave problem when considered in 
systems with high tank discharge rates. 
25 
Effect of Initial Water Height.—Both the absolute value of the 
height of formation and the difference between the initial water height 
and the height of formation decreased with decreasing initial water 
heights. This can be explained as follows. The tank contained less 
liquid at lower initial water heights and consequently offered less-
re si stance to rotational flow. The torque for any given value of Q 
was constantj therefore, at lower initial water heights, a larger per-
centage of the water in the tank was rotating when the run was started 
and vortices formed more readily. 
Effect of Bottom Shape.--Very little variation was noted in vor-
tex formation with the tank fitted with the three bottom shapes con-
sidered in this study. Vortices formed at greater heights in a tank 
fitted with a flat-shaped bottom than in a tank fitted with a conical-
shaped bottom. The dished bottom resulted in heights intermediate to 
the other two. At low discharge rates, this formation height differ-
ential was more pronounced than at high discharge rates, but all such 
variations were small. 
Effect of Baffles.—Baffles were placed in the tank with a flat 
bottom in order to attempt to reduce the possibility of vortex forma-
tion and its undesirable effect on discharge rates. The first baffle 
used was a 9 inch circular plate located over the geometric center and 
one inch above the tank bottom. All runs made without the baffle were 
repeated with the baffle present and no vortices were observed in any 
of these runs. The second baffle used was a circular plate three inches 
in diameter and located precisely as the first. This smaller baffle had 
a diameter equal to twice the diameter of the tank discharge pipe and 
26 
was used in order to determine the minimum baffle size required to 
reduce vortex formation. Runs were made with this baffle at an initial 
water height to diameter ratio of 4 to 1 and no vortices were observed. 
Effect on Discharge Rates.—The reduction in discharge rate due 
to vortex formation varied over a wide range. These reduced rates were 
difficult to measure since the resulting slug flow caused large fluc-
tuations in the mercury manometer readings. Attempts were made to ob-
tain sufficient data to represent the reduced discharge rate as a func-
tion of the tank water height. However, the vertical velocity in the 
tank was too high to permit a satisfactory number of readings to be 
taken. Fig. 17 shows the reduced discharge rate read when the vortex 
reached the pump as a function of the original discharge rates. The 
reduced values represent an average of all readings taken at each 
original rate. 
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CHAPTER VI 
CONCLUSIONS 
The conclusions resulting from this investigation are considered 
valid and significant for a tank of the same dimensions and over a range 
of flow rates identical with the ones used in this study. They are 
summarized as follows: 
1. The height of vortex formation to tank diameter ratio was 
found to "be a function of two dimensionless groups, the result "being 
^£=•(34 & 
2. Once initiated, vortices developed rapidly and reduced pump 
performance at high flow rates. 
3. Vortex formation is not influenced "by the shape of the three 
tank "bottoms used in this investigation. 
k. Circular "baffles can he effectively employed to eliminate 
vortices in tanks with flat bottoms. 
APPEM)IX 
Table 1A 
Data and Results for Tank with Flat Bottom, 
D 
- 8.0, D B 11.5 inches 





TL ^Rc V Dp. v i n 5 T v in"3 
Wo. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) —^ x 10 
pq. 
— x 10 
qu 
1 20 0.0 n . v . n . c . 67 n . a . n . a . 
2 20 1.6 1.22 12.8 n . c . 67 n . a . n . a , 23.62 23.60 
3 20 2.4 2.78 13.3 n . c . 67 n . a . n . a . 23.62 53.10 
4 20 3.2 3.91 13.3 0.17 11 .8 67 15 n . a . 23.62 94.4o 
5 20 k.Q 5-74 13-8 0.17 11 .8 67 16 n . a . 23.62 212.40 
6 20 6.k 6.44 13 .8 0.26 11.8 67 16 n . a . 23.62 377-59 
7 20 8.0 6.87 13 .8 0.26 11 .8 67 17 n . a . 23.62 589.98 
8 30 0.0 n . v . n . c , 67 n . a . n . a . 
9 30 1.6 0.35 12.6 n . c . 67 n . a . n . a . 15.75 15.73 
10 30 2.4 I . 65 12.8 0.26 11.8 67 25 n . a . 15.75 35.40 
11 30 3.2 3.57 13.3 0.35 11.8 67 26 n . a . 15.75 62.93 
12 30 4 .8 4.87 13.3 0.52 11.8 67 26 n . a . 15.75 l 4 i . 6 o 
13 30 6.4 5.83 13.6 0 . 6 l 11 .8 67 27 n . a . 15.75 251.70 
14 30 8.0 6.61 13*8 0.70 11 .8 67 27 n . a . 15.75 293.32 
15 ko 0.0 n . v . n . c . 68 n . a . n . a . 
16 ko 1.6 0,26 12.3 n . c . 68 n . a . n . a . 11.64 11.97 
17 ko 2.4 O.96 12.3 O.52 11.8 68 30 n . a . 11.64 26.94 
18 ko 3.2 2,09 12.3 0.70 11 .8 67 31 n . a . 11.81 47.20 
19 ko 4 . 8 4.35 12.3 I . 83 12.3 67 32 32 11.81 106.20 
20 ko 6.4 5.48 12 .8 1.91 12.3 67 33 33 11.81 188.79 
21 ko 8.0 6.00 12 .8 2.00 12 .8 67 34 34 11.81 294,99 
22 50 0.0 n .v . n . c . 67 n . a . n . a . 
23 50 1.6 0.35 11 .8 n . c . 67 n . a . n . a . 9.45 9.44 
24 50 2.4 0.70 11 .8 0.26 11 .8 67 37 n . a . 9.45 21.24 
25 50 3.2 1.39 11 .8 i . o 4 11.8 67 37 37 9.45 37.76 [ i i 
26 50 4 . 8 4.00 12.3 1.83 12.3 67 42 37 9.45 84.96 vo 
27 50 6.4 5.o4 12.3 2.44 12 .3 67 46 32 9.45 151.04 
Table 1A ( C o n t i n u e d ) 
Data and R e s u l t s f o r Tank w i t h F l a t Bottom 
h 
•' D ~ " 
: 8 . 0 , D = 1 1 . 5 i n c h e s 
Run *D 




c *L V % 1 Pi± 1^ T m - 3 
No. (GEM) (GEM) D ( p s i a ) D ( p s i a ) (°F) (GEM) (GEM) - ^ x 10 
pq. 
— x 10 
qj-L 
28 50 8 .0 5-30 1 2 . 8 3.48 1 2 . 8 67 46 26 9.45 235 .99 
29 6o 0 . 0 n . v . n . c . 67 n . a . n . a . 
30 6o 1.6 0 . 2 6 1 1 . 8 n . c . 67 n . a . n . a . 7.87 7 . 8 7 
31 6o 2 . 4 0 . 6 l 1 1 . 8 0 . 2 6 1 1 . 8 67 42 n . a . 7.87 1 7 . 7 0 
32 6o 3-2 1.30 1 1 . 8 0 . 7 0 1 1 . 8 67 ^5 n . a . 7.87 3 1 . 4 7 
33 6o 4 . 0 2 .00 1 1 . 8 1 .30 1 1 . 8 67 42 42 7.87 4 9 . 1 7 
3h 6o 4.8 3.65 1 2 . 3 I . 6 5 1 1 . 8 67 50 37 7.87 7 0 . 8 0 
35 6o 6.4 4.17 1 2 . 3 2 . 5 2 1 1 . 8 67 53 32 7.87 1 2 5 . 8 6 
36 6o 8.0 4.96 1 2 . 3 3.48 1 1 . 8 67 53 32 7.87 1 9 6 . 6 7 
37 70 0 . 0 n . v . 1 2 . 3 n . c . 67 n . a . n . a . 
38 70 1 .6 0 . 2 6 1 1 . 4 0 . 1 7 1 1 . 4 67 37 n . a . 6.75 6.74 
39 70 2 . 4 0 . 4 4 1 1 . 4 0 . 2 6 1 1 . 4 67 ^7 n . a . 6.75 1 5 . 1 7 
40 70 3 . 2 0 . 7 8 1 1 . 8 0 . 4 4 1 1 . 4 67 53 n . a . 6.75 2 6 . 9 7 
41 70 4 . 0 1.39 1 1 . 8 O.96 1 1 . 4 67 57 n . a . 6.75 4 2 . 1 5 
42 70 4.8 2 .87 1 1 . 8 1.39 1 1 . 4 67 60 60 6.75 6 0 . 6 8 
43 70 6.4 3 . 9 1 1 1 . 8 2 . 1 7 1 1 . 4 67 60 32 6.75 1 0 7 . 8 8 
44 70 8 .0 ^.35 1 2 . 3 2 . 7 8 1 1 . 8 67 60 32 6.75 1 6 8 . 5 7 
^5 8o 0 . 0 n . v . n . c . 67 n . a . n . a . 
46 8o 1.6 0 . 2 6 1 0 . 9 0 . 1 7 1 0 . 9 67 37 n . a . 5 .91 5 .90 
47 8o 2 . 4 0 . 3 5 1 0 . 9 0 . 2 6 1 0 . 9 67 ^7 n . a . 5 .91 1 3 . 2 7 
48 8o 3 . 2 0 . 5 2 1 0 . 9 0 . 3 5 1 0 . 9 67 57 n . a . 5 .91 2 3 . 6 0 
49 8o 4 . 0 1.22 1 1 . 4 0 . 7 9 1 0 . 9 67 63 n . a . 5 . 9 1 36.87 
50 80 4.8 2 . 6 l 1 1 . 4 1.30 1 0 . 9 67 63 60 5 . 9 1 5 3 . 1 0 
51 80 6.4 3 .39 1 1 . 4 2 . 0 9 1 0 . 9 67 63 37 5 .91 94.4o 4=-
52 80 8 .0 4 . 2 6 1 1 . 4 2 . 7 0 1 0 . 9 67 63 32 5 .91 1 4 7 . 5 0 O 
53 90 0 . 0 n . v . n . c . 67 n . a . n . a . 
Table 1A (Concluded) 
h 
Date and Resu l t s fo r Tank wi th F l a t Bottom, =p a 8<,0, D « 11.5 inches 
Run <*T % ^t P f \ P c TL \ c StL ^ , „ 5 T_ n n - 3 
Mo. (GPM) (GEM) D ( p s l a ) D ( p s i a ) (°F) (GEM) (GEM) pq X X qn 
54 90. 1.6 0.17 10.4 n . c . 67 n . a . n . a . 5.25 5.24 
55 90 3.2 0.52 10.4 0.44 10.4 67 60 n . a . 5.25 20.98 
56 90 4.0 1.22 10.4 0 . 6 l 10.4 67 63 n . a . 5.25 32.78 
57 90 4 .8 1.83 10.9 O.96 10.4 67 65 n . a . 5.25 47.20 
58 90 6.4 3.13 10.9 I . 65 10.4 67 65 37 5.25 83.91 




Data and R e s u l t s for Tank with F l a t Bottom, — = 6.0, D = 11.5 inches 
D 
Run % Q T! h f p f 
h c P c TL \ c V Pji v ir.5 T -^ 
Wo. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) - ^ x 10 
pq. 
— x 10 
qji 
60 20 0 . 0 n . v . n. c. 68 n . a . n . a . 
61 20 1.6 1.30 13.4 0.09 11.9 68 15 n . a . 23.28 23.95 
62 20 2 . 4 3.48 13.4 0.17 11.9 68 16 n . a . 23.28 53.88 
63 20 3 . 2 4.26 13.4 0.17 11.9 68 17 n . a . 23.28 95.80 
64 20 4 . 8 4.96 13.4 0.26 11-9 68 17 n . a . 23.28 215.54 
65 20 6 .4 5-30 13.4 0.35 11.9 68 18 n . a . 23.28 383.18 
66 20 8.0 5.65 13-8 0.44 11.9 68 18 n . a . 23.28 598.72 
67 30 0 . 0 n . v . n . c . 68 n . a . n . a . 
68 30 1.6 0 . 6 l 12 .4 0.26 12.4 68 22 n . a . 15.52 15.97 
69 30 2 . 4 2.35 13*4 0.44 12.4 68 23 n . a . 15.52 35.92 
70 30 3 . 2 3.65 13.4 0.70 12.6 68 25 n . a . 15.52 63.86 
71 30 4 . 8 4.52 13.9 0.87 12.9 68 25 n . a . 15.52 143.69 
72 30 6.4 5.13 13 .9 1.22 12.9 68 27 27 15.52 255.43 
73 30 8.0 5.30 13.9 1.30 12.9 68 26 26 15.52 399.14 
74 4o 0 . 0 n . v . n . c . 68 n . a . n . a . 
75 4o 1.6 0.52 12.4 0.35 11.9 68 30 n . a . 11.64 11.97 
76 4o 2 . 4 1.48 12.4 0.79 11.9 68 30 n . a . 11.64 26.94 
77 4o 3o2 2.52 12.9 1.30 11.9 68 34 33 11.64 47.90 
78 4o 4 . 8 4.35 13.4 2.00 12.9 68 33 27 11.64 107.77 
79 4o 6.4 4.87 13.9 2.78 12.9 68 38 26 11.64 191.59 
80 4o 8.0 5-13 13.9 2.87 12o9 68 35 27 11.64 299.36 
8 i 50 0 . 0 n . v . n . c . 68 n . a . n . a . 
82 50 1.6 0.35 H . 9 0.26 11.9 68 40 n . a . 9.45 9.58 
83 50 2 . 4 1.04 12.4 0.70 11.9 68 ^3 n . a . 9.45 21.55 
84 50 3 . 2 1.91 12.4 1.30 11.9 68 42 4o 9.45 38.32 
85 50 4 . 0 2.96 13.4 1.83 12.1 68 44 36 9.45 59.87 
4=-
ro 
Table IB (Continued) 
h 
Data and Results for Tank with Flat Bottom, ~ «= 6.0, D = 11.5 inches 
Run % % h f P f 
h c P c 
TL \ c Sa Qi m 5 T -m-3 
No. (GEM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) —^ x 10 pq 
— x 10 
qu 
86 50 4 . 8 3.65 13.4 2.44 11.9 68 46 31 9.45 86.22 
8? 50 6 .4 4.70 13.4 3.22 12.4 68 46 26 9.45 153.27 
88 50 8 .0 4.87 13.4 3.57 12.9 68 46 20 9.45 239.49 
89 60 0 . 0 n . v . n . c . 66 n . a . n . a . 
90 60 1.6 0.26 11.9 0.17 11.9 66 ^5 n . a . 7.97 7.77 
91 60 2 . 4 O.78 11.9 0.52 11.9 66 53 n . a . 7.97 17.48 
92 60 3 . 2 1.91 11.9 O.96 11.9 66 57 n . a . 7.97 31.08 
93 60 4 . 8 3.04 12.7 1.74 12.4 66 50 31 7.97 69.93 
9 4 60 5 . 6 3.57 13.4 2.09 12.4 66 50 30 7.97 95-19 
95 60 6 .4 4.17 12.9 2.96 12.2 66 50 27 7.97 124.33 
96 60 8 .0 4.35 13.4 3-04 11.9 66 52 25 7.97 194.27 
97 70 0 . 0 n . v . n . c . 66 n . a . n . a . 
98 70 1.6 0.35 11.9 0.26 11.5 66 60 n . a . 6.83 6.66 
99 70 2 . 4 0.52 H . 9 0.35 11.0 66 60 n . a . 6.83 14.99 
100 70 3 . 2 1.30 11.9 0.70 H . 5 66 60 n . a . 6.83 26.64 
101 70 4 . 8 2 . 6 l 11.9 1.39 11.5 66 57 63 6.83 59.9^ 
102 70 6 . 4 3.65 12.4 2.52 11.5 66 50 25 6.83 106.57 
103 70 8 .0 4.17 12.4 2 . 6 l 11.5 66 53 25 6.83 166.51 
104 80 0 , 0 n . v . n . c . 66 n . a . n . a . 
105 80 1 .6 0.26 11.9 0.17 11,9 66 45 n . a . 5.98 5.83 
106 80 2 . 4 0.35 11.9 0.26 11.0 66 ^5 n . a . 5.98 13.11 
107 80 3 . 2 O.96 11.9 0.52 10.5 66 45 n . a . 5.98 23.31 
108 80 4 . 0 1.57 11.5 0,79 11.0 66 50 n . a . 5.98 36.42 
109 80 4 . 8 2,44 11.5 1.30 10.5 66 53 53 5.98 52.45 
110 80 6 .4 3-57 11.5 2.26 10.5 66 55 30 5.98 93.25 
H I 80 8.0 3.83 11.5 2.44 10.5 66 60 25 5.98 145.70 
Table IB (Concluded) 
h 
Data and Resu l t s for Tank with F l a t Bottom, —2. s= 6.0, D *= 11.5 inches 
Run % % ^ f P f ^c P c ^ ^ ^ 1 ^ , 5 1 i n - 3 
No. (GPM) (GEM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) pq. X 1 U qn X 1 U 
112 90 0.0 n .v . n . c . 66 n . a . n .a . 
113 90 1.6 0.26 10.9 0.17 10.9 66 60 n.a. 5.31 5.18 
114 90 3.2 0.52 10.4 0.44 10.4 66 60 n.a. 5.31 20.72 
115 90 4.8 2.00 10.9 1.13 10.9 66 60 60 5.31 46.62 
116 90 6.4 3.13 11.4 1.74 10.9 66 65 30 5.31 82.88 
117 90 8.0 3.65 11.4 2.44 10.9 66 65 20 5.31 129.51 
s 
Table 1C 
Data and Results for Tank with Flat Bottom, ~ s= 4.0,, D = 11.5 inches 
Run QT 
Qc h f P f h c P c 
TL % % 1 S± i n 5 T in~3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) —^ x 10 pq 
— x 10 
qu 
118 20 0 . 0 n .v . n . c . 66 n . a . n . a . 
119 20 1 .6 I . 83 12.8 0.17 11.8 66 15 n . a . 2 3 . 9 1 23.31 
120 20 2 . 4 2.52 12.8 0.26 11.8 66 15 n . a . 2 3 . 9 1 52.45 
121 20 3 . 2 3.30 12.8 0.35 11 .1 66 14 n . a . 2 3 . 9 1 93.25 
122 20 4.8 3.48 12.8 0.52 11.3 66 15 n . a . 2 3 . 9 1 209.80 
123 20 6.4 3.65 12.8 0.70 11 .8 66 17 n . a . 2 3 . 9 1 372.98 
124 20 8.0 3.74 12.8 O.96 11-3 66 17 n . a . 2 3 . 9 1 582.18 
125 30 0 . 0 n . v . n . c . 66 n . a . n . a . 
126 30 1 .6 I .65 12.8 0.44 11.8 66 24 n . a . 1 5 . 9 4 15.54 
127 30 2 . 4 2.26 13.3 0.52 11.8 66 23 n . a . 1 5 . 9 4 34.97 
128 30 3 . 2 2.78 13.3 0 . 6 l 11.3 66 23 n . a . 1 5 . 9 4 62.16 
129 30 4.8 3-30 13.3 1.57 12.3 66 27 25 1 5 . 9 4 139.87 
130 30 6.4 3-39 13.3 2.00 12.3 66 28 22 1 5 . 9 4 248.63 
131 30 8 .0 3.65 13.3 2 . 6 l 11.8 66 2 8 21 1 5 . 9 4 388.52 
132 40 0 . 0 n .v . n . c . 66 n . a . n . a . 
133 4o 1 .6 O.87 11.8 0.52 12.3 66 35 n . a . 1 1 . 9 6 11.66 
134 ko 2 . 4 I .65 12.3 1.04 11.4 66 35 n . a . I I . 9 6 26.23 
135 ko 3 . 2 2.52 12.8 1.57 11.9 66 37 25 1 1 . 9 6 46.62 
136 ko 4.8 3.13 12.8 2.09 11.4 66 36 22 1 1 . 9 6 104.90 
137 ko 6.4 3.39 13.3 2.44 11-9 66 37 23 1 1 . 9 6 186.49 
138 ko 8 .0 3.57 13.3 2.78 11.4 66 37 20 1 1 . 9 6 291.39 
139 50 0 . 0 n . v . n . c . 66 n . a . n . a . 
l 4 0 50 1 .6 0 .6 l 11 .8 0.44 11.4 66 42 n . a . 9.57 9.32 
i 4 i 50 2 . 4 I .65 12.3 1.04 12.3 66 42 42 9-57 20.98 
l 4 2 50 3 . 2 2.00 12.3 1.48 11.8 66 42 40 9.57 37.30 
143 50 4.8 2.87 12.3 2.26 12.3 66 42 38 9-57 83.92 
Table 1C (Continued) 
h 



















x 10 -3 
l44 50 6.4 3.30 12.8 2.6l 11.8 66 44 30 9-57 149.19 
145 50 8.0 3.39 12.8 2.70 11.8 66 46 32 9.57 233.11 
146 60 0.0 n.v. n. c. 66 n.a. n.a. 
147 60 1.6 0.44 11.8 0.35 11.8 66 52 n.a. 7.97 7.77 
148 60 2.4 1.04 11.8 0.87 11.8 66 52 n.a. 7.97 17.48 
149 60 3.2 1.57 11.4 1.22 11.8 66 52 50 7-97 31.09 
150 60 4.8 2.78 12.3 2.09 11.8 66 53 32 7-97 69.93 
151 60 6.4 3.13 12.3 2.61 11.4 66 56 20 7-97 124.33 
152 60 8.0 3.30 12.3 2.87 11.8 66 55 20 7.97 194.27 
153 70 0.0 n.v. n.c. 66 n.a. n.a. 
154 70 1.6 0.35 11.4 0.26 11.8 66 40 n.a. 6.83 6.66 
155 70 2.4 O.87 11.4 0.70 12.3 66 45 n.a. 6.83 14.99 
156 70 3.2 1.74 11.4 1.22 11.8 66 47 47 6.83 26.64 
157 70 4.8 2.52 11.8 1.91 11.8 66 50 31 6.83 59.94 
158 70 6.4 2.96 11.8 2.35 12.3 66 52 23 6.83 106.57 
159 70 8.0 3-13 11.8 2.70 12.3 66 54 24 6.83 166.51 
l6o 80 0.0 n.v. 66 n.a. n.a. 
161 80 1.6 0o26 12.3 0.26 12.3 66 50 n.a. 5.98 5.83 
162 80 2.4 i.o4 11.4 0.70 12.3 66 58 n.a. 5.98 13.11 
163 80 3-2 1.30 11.4 O.96 12.3 66 60 n.a. 5.98 23.31 
164 80 4.8 2.61 11.8 1.74 12.3 66 63 50 5.98 52.45 
165 80 6.4 2.87 11.4 2.26 12.3 66 63 29 5.98 93.25 
166 80 8.0 3.13 11.4 2.6l 12.3 66 63 26 5.98 145.70 
167 90 0.0 n.v. 66 n.a. n.a. 
168 90 1.6 0.26 10.9 0.17 10.9 66 68 n.a. 5-31 5.18 
169 90 2.4 0.70 10.9 0.6l 10.9 66 67 n.a. 5-31 11066 
Table 1C (Concluded) 
h 
Data and Resu l t s for Tank with F l a t Bottom, — = 4 . 0 , D = 11.5 inches 
Run «T QC ^ Pf \ P e \ So %1 ^ s T_ l n - 3 
No. (GBt) (GEM) D ( p s l a ) D ( p s i a ) (°F) (GEM) (GEM) pq qu 
170 90 3.2 l.o4 10.4 0.87 10.9 66 66 n.a. 5.31 20.72 
171 90 4.8 2.26 10.4 1.74 10.9 66 66 60 5.31 46.62 
172 90 6.4 2.87 10.9 2.09 11.8 66 68 32 5.31 82.88 




Data and R e s u l t s for Tank with Conical Bottom, —- = 8.0, D = 11.5 inches 
Run ^T 
Q c \ p f h c P c "fe 
( ° F ) 
\ c V DM i n 5 T - I O - 3 
No. (GEM) (GEM) D ( p s i a ) _J3 ( p s i a ) (GFM) (GEM) ™
 x 1 ° 
__P£ 
— x 10 
W 
174 20 0 . 0 n . v . n . c . 66 n . a . n . a . 
175 20 1.6 0 . 5 2 1 .28 n . c . 66 n . a . n . a . 2 3 . 9 1 2 3 . 3 1 
176 20 2.if I . 6 5 1 3 . 0 n . c . 66 n . a . n . a . 2 3 . 9 1 52 .45 
177 20 3 . 2 3-22 1 3 . 3 n . c . 66 n . a . n . a . 2 3 . 9 1 9 3 . 2 5 
178 20 if .8 5 .39 1 3 . 5 n . c . 66 n . a . n . a . 2 3 . 9 1 209 .80 
179 20 6.if 6 . 2 6 1 3 . 8 n . c . 66 n . a . n . a . 2 3 . 9 1 3 7 2 . 9 8 
180 20 8 .0 6.7O 1 3 . 8 n . c . 66 n . a . n . a . 2 3 . 9 1 5 8 2 . 7 8 
181 30 0 . 0 n . v . n . c . 66 n . a . n . a . 
182 30 1 .6 0 . 2 6 1 2 . 3 n . c . 66 n . a . n . a . 1 5 . 9 4 1 5 . 5 4 
183 30 2.if 1 .30 1 2 . 8 n . c . 66 n . a . n . a . 1 5 . 9 4 3 4 . 9 7 
l8if 30 3-2 2.if if 1 2 . 8 n . c . 66 n . a . n . a . 1 5 . 9 4 6 2 . 1 6 
185 30 i f .8 i f .00 1 2 . 8 n . c . 66 n . a . n . a . 1 5 . 9 4 1 3 9 . 8 7 
186 30 6.if 5*22 1 2 . 8 n . c . 66 n . a . n . a . 1 5 . 9 4 2 4 8 . 6 3 
187 30 8 .0 6 .00 1 2 . 8 n . c . 66 n . a . n . a . 1 5 . 9 4 3 8 8 . 5 2 
188 ifO 0 . 0 n . v , n . c , 66 n . a . n . a . 
189 4o 1.6 0 . 0 9 1 1 . 8 n . c . 66 n . a . n . a . I I . 9 6 1 1 . 6 6 
190 ifO 2.if 0 . 5 2 1 1 . 8 n . c . 66 n . a . n . a . U . 9 6 26 .23 
191 ifO 3 . 2 1.30 1 2 . 3 0 . 1 7 12, .8 66 25 n . a . I I . 9 6 4 6 . 6 2 
192 ifO if .8 3 .83 1 2 . 8 0 . 7 9 12, •3 66 32 n . a . I I . 9 6 1 0 4 . 9 0 
193 4o 6.if 5 .13 1 3 . 3 1.30 12, .3 66 27 27 I I . 9 6 1 8 6 . 4 9 
194 ifO 8 .0 5-48 1 3 . 3 1.39 11 , .8 66 27 27 U . 9 6 291 .39 
195 50 0 . 0 n . v . n . c . 66 n . a . n . a . 
196 50 1 .6 n . v . n . c . 66 n . a . n . a . 
197 50 2.if 0 . 4 4 1 1 . 8 n . c . 66 n . a . n . a . 9 . 5 7 2 0 . 9 8 
198 50 3o2 l.Oif 1 2 . 3 0 . 2 6 11 , .8 66 43 n . a . 9 . 5 7 37 .30 
199 50 if.O 2 .35 1 1 . 8 0 . 7 9 11 , .8 66 43 n . a . 9 . 5 7 5 8 . 2 8 
-p-
00 
Table 2A (Continued) 
Data and R e s u l t s for Tank -with Conical Bottom, — a 8.0, D = 11.5 inches 




c TL %c Sa V±±. i n 5 T V 1 A - 3 
No. (GPM) (GPM) D ( p s i a ) _D ( p s i a ) (°r) (GEM) (GPM) —•=• x 1 0 pq. — x 10 qp-
200 50 4.8 3.65 12.3 1.22 11 .8 66 ^3 n . a . 9.57 83.92 
201 50 6.if 4 .26 12 .8 1.39 11 .8 66 43 43 9.57 149.19 
202 50 8.0 4.87 12.8 2.09 12.3 66 vr 27 9.57 233.11 
203 60 0 . 0 n . v . n . c . 66 n . a . n . a . 
204 6o 1.6 n . v . n . c . 66 n . a . n . a . 
205 6o 2 . 4 n . v . n . c . 66 n . a . n . a . 
206 6o 3 . 2 0.70 11.4 0.26 11 .8 66 56 n . a . 7.97 31.09 
207 6o 4 . 0 1.48 11 .8 0.79 11.4 61 49 n . a . 1*8.09 49.17 
208 6o 4.8 2.61 12.3 1.22 11.8 67 49 h9 8.09 70.80 
209 6o 6.4 3.65 12.3 I . 8 3 11 .8 66 53 42 7.97 124.33 
210 6o 8.0 4.70 12 .8 2 .6 l 11 .8 66 53 37 7.97 194.27 
211 70 0 . 0 n . v . n . c . 64 n . a . n . a . 
212 70 1.6 n . v . n . c . 64 n . a . n . a . 
213 70 2 . 4 n . v . n. c . 64 n . a . n . a . 
2 l 4 70 3 . 2 0.09 11 .8 n . c . 64 n . a . n . a . 
215 70 4 . 0 1.22 11.4 0.44 11.4 64 57 n . a . 7.02 40.50 
216 70 4.8 2.26 11 .8 0.79 11.4 64 62 n . a . 7.02 58.32 
217 70 5.6 2 .6 l 12.3 1.30 11 .8 64 57 57 7.02 79.38 
218 70 6.4 3.65 12.3 1.83 11 .8 64 53 ^5 7.02 103.68 
219 70 8.0 4.00 12.3 2.44 11 .8 64 57 32 7.02 161.99 
220 80 0 . 0 n . v . n . c . 65 n . a . n . a . 
221 80 1.6 n . v . n . c . 65 n . a . n . a . 
222 80 2 . 4 n . v . n . c . 65 n . a . n . a . 
223 80 3 . 2 0.09 11 .8 n . c . 65 n . a . n . a . 6.07 22.96 
224 80 4 . 0 0.52 11.4 0.17 11.4 65 60 n . a . 6.07 35.88 
225 80 4.8 1.57 11.5 0 . 6 l 11 .4 65 53 n . a . 6.07 51.67 
Table 2A (Concluded) 
h 
Data and Resu l t s for Tank with Conical Bottom, r— = 8.0 , D = 11.5 inches 
Run ^ % ^ P f ^e P c \ V S i ^ 1 n 5 T_ 1 n - 3 
So. (GEM) (GEM) D ( p s l a ) D ( p s i a ) (°F) (GPM) (GPM) pq qn X 
226 80 5-6 2.00 11.8 i.o4 11.4 65 62 62 6.07 70.33 
227 80 e.k 3.o4 12.3 1.57 11.8 65 65 60 6.O7 91.86 
228 80 8.0 4.17 12.3 2.35 11.8 65 63 32 6.07 143.53 
229 90 0.0 n.v. n.c. 65 n.a. n.a. 
230 90 1.6 n.v. n.c. 65 n.a. n.a. 
231 90 3.2 n.v. n. c. ^ n.a. n.a. 
232 90 4 .0 0.35 10.9 n.c. 65 n.a. n.a. 5.39 0.35 
233 90 4 .8 1.57 11.4 0.6l 10.9 65 72 n.a. 5.39 1-57 
234 90 6.4 2.6l 11.4 1.30 11.4 65 70 70 5.39 2.6l 




Data and Results for Tank with Conical Bottom, — = 6.0, D » 11.5 inches 
Run ^ Q h f p f h c 
P 
c TL %c V Du. n n 5 T -m-3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) —*=• x 1 0 
pq 
— x 10 
qjJ. 
236 20 0.0 n .v . n . c . 64 n . a . n . a . 
237 20 1.6 1.74 13.3 n . c. 64 n . a . n . a . 24.58 22.68 
238 20 2.4 2.52 13.3 n . c. 64 n . a . n . a . 24.58 51.03 
239 20 3.2 3.13 13.3 n . c . 64 n . a . n . a . 24.58 90.72 
240 20 4 .0 4.26 13.3 n . c . 64 n . a . n . a . 24.58 141,74 
24l 20 4 . 8 4.70 13.3 n . c . 64 n . a . n . a . 24.58 204.11 
242 20 6.4 5.04 13.3 n . c. 64 n . a . n . a . 24.58 362.86 
243 20 8.0 5.30 13.3 n . c . 64 n . a . n . a . 24.58 566.98 
244 30 0.0 n . v . n . c . 64 n . a . n . a . 
245 30 1.6 0.35 12 .8 n . c . 64 n . a . n . a . 16.39 15.12 
246 30 2.4 1.39 12.3 0.09 11.8 64 28 n . a . 16.39 34.02 
247 30 3.2 2.35 12.3 0.17 12.3 64 28 n . a . 16.39 60.47 
248 30 4 . 8 4 .26 13.3 0.26 12.8 64 26 n . a . 16.39 136.07 
249 30 6.4 4.87 13.3 0.35 12.3 64 24 n . a . 16.39 241.89 
250 30 8.0 5,04 13.3 0.52 12.3 64 23 n . a . 16.39 377.98 
251 40 0.0 n . v . n . c . 65 n . a . n . a . 
252 4o 1.6 0.26 12.3 0.09 11 .8 65 37 n . a . 12.14 11 .48 
253 4o 2.4 O.96 12.3 0.35 11 .8 65 37 n . a . 12.14 25.84 
254 4o 3.2 I . 8 3 12.3 0.52 11.8 65 37 n . a . 12.14 45.93 
255 4o 4 .0 2.93 12 .8 0 . 6 l 11 .8 65 37 n . a . 12.14 71.76 
256 4o 4 .8 3.57 13.3 0.79 11 .8 65 37 n . a . 12.14 103.34 
257 4o 6.4 4.44 13.3 1.13 11 .8 65 32 32 12.14 183.72 
258 4o 8.0 4.87 13.3 I . 8 3 12.3 65 37 32 12.14 287.06 
259 50 0.0 n . v . n . c . 63 n . a . n . a . 
260 50 1.6 0.09 11.4 n . c . 63 n . a . n . a . 9.98 8.94 
261 50 3.2 1.04 11 .8 0.26 11.4 63 39 n . a . 9.98 35.74 
VJ1 
H 
Table 2B (Continued) 
Data and Results for Tank with Conical Bottom, — - 6.0, D - 11.5 inches 






c TL ^Rc V DLL ^ , n 5 T v nn~3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GPM) (GPM) —^ x 10 pq 
— x 10 
qu 
262 50 4.0 2.00 12.3 1.22 11.8 63 42 42 9.98 55.84 
263 50 4 .8 3.30 12 .8 I . 6 5 11.8 63 43 39 9.98 80.42 
264 50 6.4 4.17 12 .8 2.35 11.8 63 43 35 9.71 146.97 
265 50 8.0 4.70 13°3 2.87 12.3 65 42 32 9.71 229.64 
266 60 0.0 n . v . n . c . 65 n . a . n . a . 
267 60 1.6 n .v . n . c . 65 n . a . n . a . 
268 60 3.2 O.87 11 .8 0.52 12.3 65 52 n . a . 8.09 30.63 
269 60 4 .0 2.52 11 .8 1.13 12.3 65 52 50 8.09 47.85 
270 60 4 .8 2.87' 12.3 I . 6 5 12.3 65 57 38 8.09 68.89 
271 60 6.4 3.91 12.8 2.26 12.8 65 52 35 8.09 122.48 
272 60 8.0 4.44 12-. 8 3.04 12 .8 65 50 31 8.09 191»38 
273 70 0.0 n . v . n . c. 65 n . a . n . a . 
274 70 1.6 n . v . n . c . ^ n . a . n . a . 
275 70 3.2 O.78 11.4 0.26 11.8 65 58 n . a . 6.94 26.25 
276 70 4.0 I .83 11 .8 0.70 12.3 65 60 n . a . 6.9k 4 l . 0 l 
277 70 4 .8 3.13 11 .8 1.57 12.3 65 60 37 6.94 59.05 
278 70 6.4 3.74 12.3 1.91 12.8 65 56 37 6.94 104.98 
279 70 8.0 4.09 12 .8 2.70 12 .8 65 59 32 6.94 164.03 
280 80 0.0 n . v . n . c. 6y n . a . n . a . 
281 80 1.6 n . v . n . c. 65 n.a« n 0 a . 
282 80 3.2 0.44 11.4 0.17 11.4 65 63 n . a . 6.07 22.96 
283 80 4 .0 1.30 11.4 0 . 6 l 11.4 65 60 n . a . 6.07 35-88 
284 80 4 .8 2.44 11.4 lo04 11.4 65 59 59 6.07 51.67 
285 80 6.4 3.30 12.3 2.09 11.8 65 64 36 6.07 91.86 
286 80 8.0 4.00 1.28 2.70 12.3 65 62 34 6.07 143-53 
287 90 0.0 n . v . n . c . 65 n . a . n . a . 
vn 
ro 
Table 2B (Concluded) 
h 
Data and R e s u l t s for Tank with Conical Bottom, — = 6 .0 , D = 11.5 inches 
Km % QC h_f P f ^c P c TL \ c V ^ S T_ -3 
No. (GEM) (GEM) D ( p s i a ) D ( p s i a ) (°F) (CFM) (GEM) pq, X qu X 
288 90 1*6 n . v . n . c . 65 n . a . n . a . 
289 90 3.2 0.17 10.9 n.c. 65 n.a. n.a. 5.39 20.41 
290 90 4.0 0.78 10.9 0.44 10.9 65 66 n.a, 5.39 31.90 
291 90 4.8 2.09 11.4 O.96 11.4 65 66 n.a. 5-39 45.93 
292 90 6.4 2.78 11.4 1.57 11.4 65 lh 3̂ 5.39 81.65 





Data and Results for Tank with Conical Bottom_, — = 4.0, D s= 11.5 inches 
Run % % h f p f 
h c P c 
(*F) 
^ C % S i v m 5 
T no-3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (GPM) (GPM) —c x 10 
pq. 
— x 10 
qn 
294 20 0.0 n . v . n . c . 64 n . a . n . a . 
295 20 1.6 1.30 13 .1 n 0 c . 64 n . a . n . a . 24.58 22.68 
296 20 2.k 2.26 13.3 n . c . 64 n . a , n . a . 24.58 51.03 
297 20 3.2 2.78 13.3 n . c . 64 n . a . n . a . 24.58 90.72 
298 20 4 . 8 3.13 13.3 n . c . 64 n . a . n . a . 24.58 204.11 
299 20 6 .4 . 3.48 13.3 0.09 11.8 64 15 n . a . 24.58 362.86 
300 20 8.0 3.74 13 .8 0.17 11.8 64 15 n . a . 24.58 566.98 
301 30 0.0 n . v . n . c . 64 n . a . n . a . 
302 30 1.6 O.87 12.3 0.09 11.4 64 26 n . a . 16.39 15.12 
303 30 2.4 2.09 13 .1 0.17 11.4 64 25 n . a . 16.39 34.02 
304 30 3.2 2.35 13 .1 0.26 11.8 64 23 n . a . 16.39 60.47 
305 30 k.Q 2.96 13 .3 0 . 6 l 11.8 64 23 n . a . 16.39 136.07 
306 30 6.k 3.39 13.3 1.04 11.8 64 25 25 16.39 241.89 
307 30 8.0 3.57 13.3 1.22 11.8 64 23 20 16.39 377.98 
308 4o 0.0 n . v . n . c . 64 n . a . n . a . 
309 ko 1.6 0 . 6 l 12.3 0.17 12.3 64 37 n . a . 12.29 11.34 
310 ko 2.4 1.39 12.3 0.79 11.8 64 37 n . a . 12.29 25.51 
311 ko 3.2 2.00 12.3 1.22 11.8 64 37 37 12.29 45.36 
312 ko 4 . 8 2.52 12.3 1.39 11.8 64 37 37 12.29 102.06 
313 ko 6.4 3.04 12 .8 2o00 11.8 64 35 27 12.29 181.43 
3l4 ko 8.0 3.22 13.3 2.35 12,3 64 32 22 12.29 283.49 
315 50 0.0 n . v . n . c . 64 n . a . n . a . 
316 50 1.6 0.17 11 .8 n . c . 64 n . a . n . a . 9.83 9.07 
317 50 2.4 0 . 6 l 11 .8 0.35 12.3 64 h3 n . a . 9.83 20.4-1 
318 50 3.2 1.74 11 .8 O.96 11.8 64 k-2 n . a . 9.83 36.29 
319 50 4 .8 2 .6 l 12.3 I . 6 5 11.8 64 ^3 32 9.83 81.64 
4=-
Table 2C (Continued) 
Data and R e s u l t s for Tank with Conical Bottom, — - 4 . 0 , D = 11 .5 inches 
Run % 
Q c h f p f h c P c TL ^Rc %L S i v -m^ T v -m-3 
No. (GPM) (GPM) D ( p s i a ) _D ( p s i a ) ( °F ) (GFM) (GPM) 
—^ x 10 
POL 
— x 10 
qM 
320 50 6 .4 2 . 8 7 1 2 . 3 2 . 1 7 1 1 , 8 64 43 27 9 . 8 3 145 .15 
321 50 8 .0 3 . 2 2 1 2 . 8 2 . 4 4 1 2 . 3 64 42 27 9 . 8 3 226 .79 
322 60 0 . 0 n . v . n . c . 64 n . a . n . a . 
323 60 1 .6 n . v . n . c . 64 n . a« n . a . 
324 60 2 . 4 0 . 6 l 1 1 . 8 0 . 3 5 1 1 . 8 64 47 n . a . 8 .19 1 7 . 0 1 
325 60 3 . 2 1 .04 1 1 . 4 0 . 7 0 1 2 . 3 64 46 n . a . 8 .19 30 .24 
326 60 4 . 8 1 . 9 1 1 2 . 3 1 .57 1 2 . 3 64 46 32 8 .19 6 8 . 0 4 
327 60 6 . 4 2 . 8 7 1 2 . 3 2 .09 1 2 . 3 64 42 26 8 .19 1 2 0 . 9 6 
328 60 8 .0 3 . 1 3 1 2 . 3 2 .44 1 2 . 3 64 42 26 8 .19 189.OO 
329 70 0 . 0 n . v . n . c . 64 n . a . n . a . 
330 70 1 .6 n . v . n . c . 64 n . a . n . a . 
331 70 2 . 4 0 . 4 4 1 1 . 8 0 . 1 7 1 1 . 8 64 37 n . a . 7 . 0 2 1 4 . 5 8 
332 70 3 . 2 1.30 1 1 . 8 0 . 7 9 1 2 . 3 64 37 n . a . 7 . 0 2 2 5 . 9 2 
333 70 4 . 8 I . 8 3 1 1 . 4 1 .30 1 2 . 3 64 50 37 7 . 0 2 5 8 . 3 2 
334 70 6 .4 2 . 5 2 1 1 . 8 I . 8 3 1 2 . 8 64 50 32 7 . 0 2 1 0 3 . 6 8 
335 70 8 .0 3 . 0 4 1 1 . 8 2 . 4 4 1 2 . 8 64 50 27 7 . 0 2 l 6 l . 9 9 
336 80 0 . 0 n . v . n . c . 64 n . a . n . a . 
337 80 1 .6 n . v . n . c . 64 n . a . n . a . 
338 80 2 . 4 0 . 1 7 1 1 . 4 n . c . 64 n . a . n . a . 6 .15 1 2 . 7 6 
339 80 3 . 2 1 .04 1 1 . 4 0 . 4 4 1 1 . 8 64 50 n . a . 6 .15 2 2 . 6 8 
340 80 4 . 8 1 .91 1 1 . 4 1.22 1 2 . 3 64 50 50 6 .15 5 1 . 0 3 
341 80 6 . 4 2 . 6 1 1 1 . 8 2 .00 1 .28 64 52 32 6 .15 9 0 . 7 2 
342 80 8.0 2 . 8 7 1 1 . 8 2 . 1 7 1 2 . 8 64 50 30 6 .15 14-1.74 
343 90 0 . 0 n . v . n . c . 64 n . a . n . a . 
344 90 1 .6 n . v . n . c . 64 n . a . n . a . 
345 90 2 . 4 0 . 0 9 1 1 . 4 n . c . 64 n . a . n . a . 5 . 46 11 .34 
Table 2C (Concluded) 
h 
Data and Resu l t s for Tank wi th Conical Bottom,, — = 4 . 0 , D ~ 11 .5 inches 
Bun *C % \ P f ^c P c °L Ste S i ^ n 0 5 T_ n n - 3 
Mo. (GEM) (GEM) II ( p s i a ) D ( p s l a ) ( F) (GEM) (GPM) pq qn X 
346 90 3.2 O.70 10.9 0.35 12 .8 64 60 n . a . 5.46 20.16 
3V7 90 4.8 1.65 11.4 i.o4 12.8 64 60 60 5.46 45.36 
348 90 6.4 2.44 11.4 1.52 12 .8 64 53 37 5.46 79.93 
349 90 8.0 2.78 10.9 2,09 1 2 . 8 64 60 32 5.46 125.99 
Table 3A 
Data and Results for Tank with Dished Bottom, 8.0, D « 11.5 inches 






c TL ^ c V S i v in$ T v m - 3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) (°*0 (GPM) (GPM) —*- x 10 
pq. 
— x 10 
qu 
350 20 0 . 0 n . v . n . c . 62 n . a . n . a . 
351 20 1 .6 0 . 4 4 1 3 . 3 n . c . 62 n . a . n . a . 2 5 . 3 4 2 2 . 0 0 
352 20 2 . 4 2 . 6 l 1 3 . 3 n . c . 62 n . a . n . a . 2 5 . 3 4 4 9 . 5 0 
353 20 3 . 2 4 . 4 4 1 3 . 8 n . c . 62 n . a . n . a . 2 5 . 3 4 8 8 . 0 0 
354 20 4 . 8 5 .57 1 3 . 8 n . c . 62 n . a . n . a . 2 5 . 3 4 1 9 8 . 0 0 
355 20 6 .4 6 .52 1 3 - 8 0 . 0 9 1 2 . 3 •62 15 n . a . 25*34 3 5 1 . 9 9 
356 20 8 .0 6 .78 1 3 . 8 0 .09 1 2 . 3 62 15 n . a . 2 5 . 3 4 5 4 9 . 9 8 
357 30 0 . 0 n . v . n . c . 62 n . a . n . a . 
358 30 1 .6 0 . 3 5 1 2 . 3 0 .09 1 1 . 8 62 25 n . a . 1 6 . 8 9 1 4 . 6 7 
359 30 2 . 4 I . 6 5 1 3 . 3 0 . 3 5 1 2 . 3 62 25 n . a . 1 6 . 8 9 3 3 . 0 0 
360 30 3 . 2 2 . 5 2 1 3 . 3 0 . 4 4 1 2 . 3 62 26 n . a . 1 6 . 8 9 5 8 . 6 6 
361 30 4 . 0 3 .65 1 3 . 8 oM 1 2 . 3 62 25 n . a . 1 6 . 8 9 9 1 . 6 6 
362 30 4 . 8 4 . 7 8 1 3 . 8 0 . 5 2 1 2 . 3 62 25 n . a . 1 6 . 8 9 1 3 2 . 0 0 
363 30 6 . 4 5 .48 1 3 . 8 0 . 7 0 1 2 . 8 62 25 n . a . 1 6 . 8 9 2 3 4 . 6 4 
364 30 8 .0 6 . 2 6 1 3 . 8 0 . 7 9 1 2 . 8 62 25 n . a . 1 6 . 8 9 3 6 6 . 6 5 
365 4o 0 . 0 n . v . n . c . 62 n . a . n . a . 
366 4o 1 .6 0 . 2 6 1 2 . 3 n . c , 1 2 . 3 62 n . a . n . a . 1 2 . 6 7 1 1 . 0 0 
367 40 2 . 4 O.96 1 2 . 8 0 . 5 2 1 2 . 3 62 32 n . a . 1 2 . 6 7 2 4 . 7 5 
368 40 3 . 2 1 .83 1 2 . 8 0 . 8 7 1 2 . 3 62 33 n . a . 1 2 . 6 7 4 4 . 0 0 
369 40 4 . 0 2 . 6 l 1 3 . 3 O.96 1 2 . 3 62 33 n . a . 1 2 . 6 7 6 8 . 7 5 
370 4o 4 . 8 3 . 9 1 1 3 . 3 l . o 4 1 2 . 3 62 33 33 1 2 . 6 7 9 9 . 0 0 
371 4o 6 .4 5 . 2 2 1 3 . 8 1 .22 1 2 . 3 62 33 32 1 2 . 6 7 1 7 5 . 9 9 
372 4o 8.0 5 .57 1 3 . 8 1 . 4 8 1 2 . 3 62 33 30 1 2 . 6 7 2 7 4 . 9 9 
373 50 0 . 0 n . v . n . c . 62 n . a . n . a . 
37^ 50 1 .6 n . v . n . c . 62 n . a . n . a . 
375 50 2 . 4 0 . 6 1 1 2 . 3 0 . 2 6 1 2 . 3 62 26 n . a . i o . i 4 1 9 . 8 0 
Table 3A (Continued) 
h 
Data and Results for Tank with Dished Bottom, ~ = 8.0, D = 11.5 inches 
to % % ^f Pf \ Fo \ \ o < k ax n n 5 T 
Mo. (GPM) (0PM) D ( p s l a ) D ( p s l a ) ( F) (GEM) (GEM) pq q 
376 50 3.2 
377 50 4.0 
378 50 4.8 
379 50 5.6 
380 50 6.4 
381 50 8.0 
382 60 0.0 
383 60 1.6 
384 60 2.4 
385 60 3.2 
386 60 4.0 
387 60 4.8 
388 60 6.4 
389 60 8.0 
390 70 0.0 
391 70 1.6 
392 70 3.2 
393 70 4.0 
39^ 70 4.8 
395 70 6.4 
396 70 8.0 
397 80 0.0 
398 80 1.6 
399 80 3.2 
4oo 80 4.0 





















































62 39 n.a. 
62 40 4o 
62 4l 39 
62 42 32 
62 42 32 
62 42 30 
62 n.a. n.a. 
62 n.a. n.a. 
62 n.a. n.a. 
62 53 n.a. 
62 53 n.a. 
62 53 5̂ 
62 57 37 
62 50 29 
62 n.a. n.a. 
62 n.a. n.a. 
62 57 n.a. 
62 60 n.a. 
62 60 60 
62 60 50 
62 60 37 
62 n.a. n.a. 
62 n.a. n.a. 
62 n.a. n.a. 
62 65 n.a, 
62 65 n.a. 
i o . i 4 35-20 
i o . i 4 55-00 
i o . i 4 79.20 
i o . i 4 107.80 
i o . i 4 i4o.8o 















Table 3A (Concluded) 
D a t a and R e s u l t s for Tank wi th 
h 
Dished Bottom, — = 8.0, D = 1 1 .5 i n c h e s 
Run ^ 
Q c h f p f h c P c *L Sc <k D̂L ir? 2- x 10-3 
No. (GEM) (GEM) _D ( p s i a ) _D ( p s i a ) (°F) (GEM) (GPM) —^ x POL 10 
402 80 6.4 3-22 12.3 1.74 11.8 62 60 ^5 6.34 88.00 
403 80 8 .0 4.09 12.3 2.35 11.8 62 63 42 6.34 137.50 
4o4 90 0 . 0 n . v . n . c . 62 n . a . n . a . 
405 90 1.6 n . v . n . c . 62 n . a . n . a . 
4o6 90 3*2 0.09 11.4 n . c . 62 n . a . n . a . 5.63 19.56 
407 90 4 . 0 0.78 11.4 0.26 11 .8 62 65 n . a . 5.63 30.56 
4o8 90 4.8 1.57 11 .8 0.79 11.8 62 65 n . a . 5.63 44.00 
409 90 6.4 2.96 12.3 1.39 11.8 62 65 60 5.63 77.53 





Data and Results for Tank with Dished Bottom, —• s= 6.0, D = 11.5 inches 
D 







TL \ c %i DLI _ n 5 T v i n - 3 
No. (GEM) (GEM) D ( p s i a ) D ( p s i a ) ( ° F ) (GEM) (GEM) —^ x 10 
pq. 
— x 10 
<3H 
411 20 0 . 0 n . v . n . c . 62 n . a . n . a . 
412 20 1 .6 1.39 1 3 . 3 n . c . 62 n . a . n . a . 2 5 . 3 4 2 2 . 0 0 
413 20 2 . 4 3-04 1 3 . 3 0 . 0 9 1 2 . 3 62 17 n . a . 2 5 . 3 4 4 9 . 5 0 
4 i 4 20 3 . 2 3 .83 1 3 . 8 0 . 0 9 1 2 . 3 62 IT n . a . 2 5 . 3 4 8 8 . 0 0 
415 20 4 . 8 4 . 7 0 1 3 . 8 0 . 1 7 1 2 . 8 62 14 n . a . 2 5 . 3 4 1 9 8 . 0 0 
4 i 6 20 6 .4 5 .13 1 3 . 8 0 . 2 6 1 2 . 8 62 17 n . a . 2 5 . 3 4 3 5 1 . 9 9 
417 20 8 .0 5 .48 1 3 . 8 0 . 3 5 1 2 . 8 62 17 n . a . 2 5 . 3 4 5 4 9 . 9 8 
4 l 8 30 0 . 0 n . v . n . c . 62 n . a . n . a . 1 6 . 8 9 0 . 0 0 
419 30 1 .6 O.78 1 2 . 8 0 . 2 6 1 2 . 3 62 23 n . a . 1 6 . 8 9 1 4 . 6 7 
420 30 2 . 4 2 .09 1 2 . 8 0 . 4 4 1 2 . 3 62 23 n . a . 1 6 . 8 9 3 3 . 0 0 
421 30 3 . 2 3 .13 1 3 . 3 0 . 6 1 1 2 . 3 62 24 n . a . 1 6 . 8 9 5 8 . 6 6 
422 30 4 . 0 3 . 9 1 1 3 . 3 0 . 7 0 1 2 . 3 62 26 n . a . 1 6 . 8 9 9 1 . 6 6 
423 30 4 . 8 4 . 3 5 1 3 . 3 0 . 7 9 1 2 . 3 62 23 n . a . 1 6 . 8 9 1 3 2 . 0 0 
424 30 6 .4 4 . 9 5 1 3 . 8 0 . 8 7 1 2 . 8 62 26 n . a . 1 6 . 8 9 2 3 4 . 6 4 
425 30 8 .0 5 .22 1 3 . 8 0 . 9 6 1 2 . 3 62 25 n . a . 1 6 . 8 9 3 6 6 . 6 5 
426 40 0 . 0 n . v . n . c . 62 n . a . n . a . 
427 40 1 .6 0 . 2 6 1 2 . 3 n . c . 62 n . a . n . a . 1 2 . 6 7 1 1 . 0 0 
428 4o 2 . 4 1 .13 1 2 . 3 0 . 7 0 1 1 . 8 62 31 n . a . 1 2 . 6 7 2 4 . 7 5 
429 4o 3 . 2 2 . 2 6 1 2 . 8 1 .22 1 1 . 8 62 33 33 1 2 . 6 7 4 4 . 0 0 
430 4o 4 . 8 3 . 6 5 1 2 . 8 1 .39 1 1 . 4 62 33 30 1 2 . 6 7 9 9 . 0 0 
431 40 6 .4 4 . 2 6 1 2 . 8 1 .91 11.. 8 62 33 28 1 2 . 6 7 1 7 5 . 9 9 
432 4o 8 .0 4 . 8 7 1 3 . 3 2 .09 1 1 . 8 62 34 25 1 2 . 6 7 274 .99 
433 50 0 . 0 n . v . n . c . 62 n . a „ n.a-= 
434 50 1 .6 0 .09 1 1 . 8 n . c . 62 n . a . n . a . i o . i 4 8 .80 
435 50 2 . 4 0 . 7 0 1 1 . 8 0 . 4 4 1 2 . 3 62 4 i n . a . i o . i 4 1 9 . 8 0 
436 50 3 . 2 2 .09 1 1 . 8 0 . 8 7 1 2 . 3 62 4o n . a . i o . i 4 3 5 . 2 0 
& 
Table 3B (Continued) 
Data and Results for Tank with Dished Bottom, ~ = 6.0, D = 11-5 inches 
Run S? % h f P f h c E c TL \ c \L 5H in5 T -m-3 
Wo. (GEM) (GEM) D (psia) D (psia) (°F) (GEM) (GEM) —c x 10 
pq. 
— x 10 
qu 
437 50 4.0 2.78 11.8 1.48 12.3 62 k3 33 10.14 55.00 
438 50 4 . 8 3-39 11.8 1.91 12.3 62 42 30 i o . i 4 79.20 
439 50 6.4 4.35 11.8 2.61 12.3 62 43 28 i o . i 4 140.00 
440 50 8.0 4.78 12.3 3.22 12.8 62 43 25 10.14 219-99 
44l 60 0.0 n.v. n . c . 62 n . a . n.a . 
442 60 1.6 0.09 11.8 n .c . 62 n.a . n .a . 8.45 7.33 
443 60 2.4 0.44 11.4 0.17 12.8 62 49 n.a . 8.45 16.50 
444 60 3.2 1.57 11.8 0.79 12.8 62 52 n.a . 8.45 29.34 
445 60 4 .0 2.35 12.3 1.30 12.8 62 49 37 8.45 45.84 
446 60 4 . 8 3.22 12.3 1.83 12.8 62 51 34 8.45 66.00 
447 60 6.4 4.17 12.8 2.6l 12.8 62 51 27 8.45 117-33 
448 60 8.0 4.52 12.8 3-22 13-3 62 52 27 8.45 183.33 
449 70 0.0 n.v . n . c . 62 n.a . n .a . 
450 70 1.6 n.v . n . c . 62 n.a . n . a . 
451 70 3 .2 O.78 11.4 0.44 11.8 62 50 n.a . 7.24 25.14 
452 70 4 .0 I .83 11.8 O.96 11.8 62 50 n.a . 7.24 39-29 
453 70 4 . 8 2.70 11.8 1.57 11.8 62 50 33 7.24 56.57 
454 70 6.4 3.91 12.3 2.52 12.3 62 46 30 7.24 100.57 
455 70 8.0 4.17 12.8 2.87 12.8 62 54 17 7.24 157.14 
456 80 0.0 n.v . n . c . 62 n.a . n .a . 
457 80 1.6 n.v. n .c . 62 n.a . n .a . 
458 80 3.2 O.96 11.4 0.44 11.8 62 70 n.a . 6.34 22.00 
459 80 4.0 1.22 11.4 O.96 11.8 62 61 n.a . 6.34 34.37 
460 80 4 .8 2.44 11.8 1.13 12.3 62 61 60 6.34 49.50 
461 80 6.4 3.30 11.8 2.09 12.3 62 60 36 6.34 88.00 
462 80 8.0 4.09 12.3 2.87 12.8 62 59 34 6.34 137.50 
0^ 
h-1 
Table 3B (Concluded) 
h 
Data and R e s u l t s for Tank with Dished Bottom, ~ = 6 .0 , D «= 11 .5 inches 
Run S ; 9C \ P f ^c P e \ Stc S u ^ , n 5 T_ l n - 3 
Ho. (GEM) (GBl) D (p s i a ) D ( p s l a ) (°F) (GPM) (GPM) pq x 1 0 qn x l u 
463 90 0.0 n . v . n . c . 63 n . a . n.a„ 
464 90 1.6 n . v . n . c . 63 n . a . n . a . 
465 90 2,4 0.09 11.4 0.09 11 .4 63 65 n . a . 5.55 11.17 
k66 90 3.2 0.44 11.4 0.17 11.4 63 65 n . a . 5.55 19.86 
467 90 4 .0 1.13 11.4 0.52 12 .3 63 64 n . a . 5.55 31.03 
^-68 90 4 .8 2.17 11.4 1.04 12 .3 63 66 66 5.55 44.68 
469 90 6.4 3.04 11 .8 1.74 12.3 63 68 37 5.55 79.43 
470 90 8.0 4.00 11.8 2 . 6 l 12.3 63 70 35 5.55 124.11 
ro 
Table 3G 
Data and Resu l t s for Tank -with Dished Bottom, 4 . 0 , D « 11.5 inches 




c \ \ c V S i v -m5 T v i n " 3 
No. (GPM) (GPM) D ( p s i a ) D ( p s i a ) ( ° F ) (GPM) (GPM) —*=• x 10 _ P £ — x 10 q++ 
471 . 2 0 , 0 . 0 n . v . n . c . 63 n . a . n . a . 
472 20 1 . 6 I . 8 3 1 2 . 8 0 . 0 9 1 1 . 8 63 15 n . a . 2 4 . 9 5 2 2 . 3 4 
473 20 2 . 4 2 . 4 4 1 2 . 8 0 . 1 7 1 1 . 8 63 15 n . a . 2 4 . 9 5 5 0 . 2 6 
474 20 3 . 2 2 .87 1 2 . 8 0 . 3 5 1 1 . 8 63 16 n . a . 24 .95 8 9 . 3 6 
475 20 4 . 8 3 .39 1 3 . 3 0 . 6 l 1 1 . 8 63 16 n . a . 2 4 . 9 5 2 0 1 . 0 6 
476 20 6 .4 3 .57 1 3 . 3 0 . 7 0 1 1 . 8 63 17 n . a . 2 4 . 9 5 3 5 i . ^ 3 
477 20 8 .0 3 . 7 ^ 1 3 . 3 i . o 4 1 1 . 8 63 17 17 24 .95 558 .50 
478 30 0 . 0 n . v . n . c . 63 n . a . n . a . 
479 30 1 .6 1 .13 1 2 . 8 0 . 3 5 1 1 . 8 63 23 n . a . 1 6 . 6 3 14 .89 
480 30 2 . 4 2 .00 1 2 . 8 0 . 7 0 1 1 . 8 63 23 n . a . 1 6 . 6 3 3 3 . 5 1 
481 30 3 . 2 2 . 4 4 1 2 . 8 O.96 1 1 . 8 63 23 n . a . 1 6 . 6 3 59 .57 
482 30 4 . 8 3 . 0 4 1 2 . 8 1 .13 1 1 . 8 63 25 25 1 6 . 6 3 134 .04 
483 30 6 .4 3 .30 1 3 . 3 1 .52 1 1 . 8 63 25 22 1 6 . 6 3 2 3 8 . 2 7 
484 30 8 .0 3 .57 13-3 2 . 0 0 1 1 . 8 63 26 17 1 6 . 6 3 3 7 2 . 3 2 
485 4o 0 . 0 n . v . n . c . 63 n . a . n . a . 
486 4o 1 .6 0 . 5 2 1 2 . 3 0 . 2 6 1 1 . 8 63 22 n . a . 1 2 . 4 8 1 1 . 1 7 
487 40 2 . 4 1*30 1 2 . 3 O.87 1 1 . 8 63 26 n . a . 1 2 . 4 8 2 5 . 1 3 
488 4o 3 . 2 2 . 1 7 1 2 . 8 1 .30 1 1 . 8 63 30 30 1 2 . 4 8 4 4 . 6 8 
489 4o 4 . 8 2 . 9 6 1 2 . 8 1 .91 1 1 . 8 63 32 26 1 2 . 4 8 1 0 0 . 5 3 
490 4o 6 . 4 3 . 4 8 1 3 . 3 2 . 3 5 1 2 . 3 63 3 ^ 22 1 2 . 4 8 1 7 8 . 7 2 
491 4o 8 .0 3 . 5 7 1 3 . 3 2 . 6 l 1 2 . 3 63 3h 20 1 2 . 4 8 279 .25 
492 50 0 . 0 n . v . n . c . 63 n . a . n . a . 
493 50 1 .6 0 . 2 6 1 1 . 8 0 . 1 7 1 1 . 8 63 25 n . a . 9 . 9 8 8 .94 
4 9 4 50 2 . 4 O.87 1 2 . 3 0 . 6 1 1 1 . 8 63 32 n . a . 9 . 9 8 2 0 . 1 1 
495 50 3 . 2 I . 8 3 1 2 . 8 1-13 1 2 . 3 63 37 37 9 . 9 8 3 5 - 7 ^ 
496 50 4 . 8 2 . 9 6 1 2 . 8 2 . 0 0 1 2 . 3 63 37 26 9 . 9 8 8 0 . 4 2 
Table 3C (Continued) 
Data and Resu l t s for Tank wi th Dished Bottom, — = 4 . 0 , D = 11.5 inches 
Run ^r Q T! h f p f h c P c 
TL V V DM n n 5 T -in'3 
No. (GEM) (GPM) D ( p s i a ) D ( p s i a ) (°F) (GEM) (GPM) 
—^ x 10 
pq 
— x 10 
qu 
^97 50 6 .4 3 .13 1 2 . 8 2 . 4 4 12 .8 63 47 22 9 . 9 8 142.97 
498 50 8 .0 3 .39 1 2 . 8 2 . 7 0 12.8 63 41 20 9 . 9 8 223.40 
^99 60 0 . 0 n . v . n . c . 63 n . a . n . a . 
500 60 1 .6 0 . 1 7 1 1 . 8 0 . 0 9 11.8 63 24 n . a . 8 . 3 2 7.45 
501 60 2 . 4 0 . 6 l 1 1 . 8 0 . 4 4 11.8 63 26 n . a . 8 .32 16.75 
502 60 3 . 2 1 .48 1 1 . 8 0 . 7 9 11.8 63 30 n . a . 8 .32 29.79 
503 60 4 . 8 2 . 5 2 1 1 . 8 i.o4 11.8 63 32 26 8 .32 67.02 
504 60 6 .4 2 . 9 6 1 2 . 8 1.74 12.3 63 32 22 8 .32 119.15 
505 60 8 .0 3 .30 1 2 . 8 2.61 12.3 •63 38 20 8 .32 186.17 
506 70 0 . 0 n . v . n . c . 63 n . a . n . a . 
507 70 1 .6 0 .09 1 1 . 8 n. c . 63 n . a . n . a . 7 -13 6.38 
508 70 2 . 4 0 , 4 4 1 1 . 4 0.26 11.4 63 37 n . a . 7 -13 1 4 . 3 6 
509 70 3 . 2 1.13 1 1 . 8 0.79 11.8 63 37 n . a . 7 -13 25.53 
510 70 4 . 8 2 .17 1 2 . 3 I . 6 5 12.3 63 ^5 26 7 . 1 3 5 7 . ^ 
511 70 6 .4 3 .04 1 2 . 3 2.26 12.3 63 50 22 7 . 1 3 102.12 
512 70 8 .0 3 .13 1 2 . 3 2 . 6 l 12.3 63 52 22 7 -13 159.57 
513 80 0 . 0 n . v . n. c . 63 n . ao n . a . 
514 80 1 .6 n . v . n. c . 63 n . a . n . a . 
515 80 2 . 4 0 . 2 6 1 1 . 4 0.17 11.8 63 53 n . a . 6 .24 12.57 
516 80 3 . 2 O.78 1 1 . 8 0 . 6 l 11 .8 63 57 n . a . 6 .24 22.34 
517 80 4 . 8 2 .09 1 1 . 8 1.48 11.8 63 57 29 6 .24 50.26 
518 80 6 . 4 .2 .96 1 1 . 8 2.09 11.8 63 58 24 6 .24 89.36 
519 80 8 .0 3 -04 1 1 . 8 2.44 12.3 63 58 26 6 .24 139.62 
520 90 0 . 0 n . v . n . c . 63 n . a . n . a , 
521 90 1 .6 n . v . n. c. 63 n . a . n . a . 
522 90 2 . 4 0 . 2 6 1 0 . 9 0.17 10.4 63 60 n . a . 5 .55 11.17 
0>, 
•f=-
Table 30 (Concluded) 
h 
Data and Results for Tank with Dished Bottom, — = 4.0, D = 11.5 inches 
Run % % hf Pf \ P= TL %c %l Si in5 T nn-3 
No. (GPM) (GEM) D (psia) D (psia) ( F) (GEM) (GEM) pq 3L 
523 90 3.2 O.78 10.9 0.44 10.9 63 60 n.a . 5.55 19.86 
524 90 4 .8 1.83 11.4 1.22 12.3 63 60 5 4 5.55 44.68 
525 90 6.4 2.6l 11.8 1.91 12.3 63 63 26 5.55 79A3 
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